A lthough often resolving at skeletal maturity, simple bone cysts are a common benign lesion in growing children. They predispose children to fracture, are sometimes painful, and may restrict function because of concerns about refracture or a surgeon's recommendation to avoid physical activity.
Simple bone cysts seldom heal after fracture 1 , so treatment is often used to speed resolution. Because curettage with bone-grafting is followed by a high rate of cyst recurrence 1, 2 , many minimally invasive methods have been proposed [3] [4] [5] [6] . The reported rates of healing associated with traditional treatmentintralesional injection of methylprednisolone acetate-have been widely variable 3, 7, 8 . A newer treatment-injection of autogenous bone marrow-was initially reported to result in a 100% healing rate 9 . Subsequent studies have demonstrated lower rates of cyst healing after bone marrow injection(s) 10, 11 . The purpose of this study was to compare the rates of healing of simple bone cysts following intralesional injection of bone marrow with those following methylprednisolone injection.
Materials and Methods Design
T his study was a multicenter, randomized clinical trial conducted at twenty-four centers across North America and India. It was the inaugural trial of the Pediatric Orthopaedic Society of North America Clinical Trials Network.
Study Participants
All children eighteen years of age or younger with a diagnosis of simple bone cyst were eligible, including those with previous fracture(s) or previous (failed) treatment but excluding those with a malignant tumor, bone marrow disease, chronic steroid use, chemotherapy, contraindications to steroid use, or pregnancy. This study received ethical approval from the institutional review board at each study site.
Baseline Information
We obtained data regarding the patients' age and sex and details of prior treatment(s) or fracture(s). Patients completed the Activities Scale for Kids (ASK) [12] [13] [14] [15] , a thirty-item scale focusing on children's abilities and the functional activities that they perform. It has an internal reliability of 0.90 (Cronbach alpha) and a test-retest reliability of 0.97 (intraclass correlation coefficient) 14 . Construct validity of the ASK has been demonstrated by a correlation of 0.81 (p < 0.0001) with the parentreported Childhood Health Assessment Questionnaire (CHAQ) and a correlation of 0.92 (p < 0.0001) with clinicians' observations 15 . Patients also completed the Oucher Scale 16 , which is used to measure pain in children and has a reported test-retest reliability ranging from 0.54 to 0.72 (correlation coefficients) 16 . Construct validity was demonstrated by gamma correlation coefficients ranging from 0.70 to 0.98 in comparisons with the Poker Chip Tool 17, 18 , and convergent validity was found in comparison with a visual analogue scale 19 . Discriminant validity ranged from 0.07 to 0.35 when the Oucher Scale was tested against standard fear measures, the Hospital Fears Rating Scale 20 and the Scare Scale 21 . Radiographic assessment of the lesion included determination of the cyst-healing grade with Cole's modification of Neer's criteria 3 . Grade 1 indicates that the cyst is clearly visible, grade 2 indicates that the cyst is visible but multilocular and opaque, grade 3 indicates sclerosis around or within a partially visible cyst, and grade 4 indicates complete healing with obliteration of the cyst 1, 3, 22 . The radiographs were also assessed to determine cyst activity (the distance from the physis in centimeters) 2 , the cyst area (length by width by depth in cubic centimeters) based on two orthogonal plain radiographs 23 , cyst loculation (present or absent) 23 , location in the lower or upper extremity 3 , and location within the bone (metaphyseal, epiphyseal, or diaphyseal). Magnetic resonance imaging was not routinely performed.
Randomization
Randomization was performed after patients were deemed eligible and had provided informed consent. Patients were randomly allocated to receive injection of either bone marrow or steroid (methylprednisolone acetate) in variable (two, three, or four-patient) random-size blocks stratified by prior fracture(s) (yes or no) and prior treatment (yes or no). An independent biostatistician created the randomization schedule with a computer. Treatment assignments, placed in sequentially numbered opaque envelopes, were assigned by one of two trial managers.
Interventions

Technique Common to Steroid and Bone Marrow Injections
Each patient received a maximum of three injections, with at least three months between injections. The indication for a second or third injection was based on the surgeon's judgment regarding whether the cyst was healing or not. Patients with a prior fracture were treated with the injection at least three weeks after the fracture, and patients with prior treatment were treated with the injection at least three months after the previous treatment. Injections were performed with the patient under general anesthesia. The diagnosis of a simple bone cyst was confirmed by needle aspiration of clear or straw-colored fluid 2, 23, 24 . Contrast medium (50% Hypaque [diatrizoate meglumine] and 50% sterile saline solution) was injected to visualize the extent of the cyst. After irrigation with the contrast solution, a needle (16 gauge for children older than five years of age and 18 gauge for children five years of age or younger) was used to break down loculations and scrape the cyst lining 4, 9, 10 . If the cyst was multilocular, each cavity was injected separately 3, 10 . Radiographic assessment of venous outflow was not routinely performed.
Technique Specific to Bone Marrow Injections
With use of an 11-gauge needle (for patients weighing >75 lb [>34 kg]) or a 13-gauge needle (for patients weighing £75 lb), autologous bone marrow was aspirated from the iliac crest and into a plastic nonheparinized syringe [25] [26] [27] . Through a single skin-puncture site, the surgeon withdrew 2 to 3-mL aliquots of bone marrow from enough areas within the ilium to obtain 9 to 18 mL of bone marrow, which was then injected into the cyst 10, 25, 28, 29 .
Technique Specific to Steroid Injections
The total cyst volume was calculated as the maximum length by width by depth on the anteroposterior and lateral radiographs. Methylprednisolone acetate, 3 mg/cm 3 of cyst volume with a maximum dose of 180 mg, was injected into the cyst.
Study Outcomes
Two-Year Outcomes
The primary study outcome was the cyst-healing grade 1, 3, 22 . Secondary outcome measures included function (according to the ASK 15 ), pain (according to the Oucher scale 16 ), number of injections, subsequent fractures, and complications. The rela-tionship of the radiographic and clinical characteristics with subsequent fractures (yes or no) and healing (cyst grade 3 or 4) at two years was also evaluated.
The primary outcome was determined by two musculoskeletal radiologists who were blind to the type of treatment. The patients and families also were not informed of the treatment assignment. However, blinding was difficult because the bone-marrow-aspiration sites generally revealed puncture marks or mild bruising. The surgeons who administered the interventions were not blinded.
Statistical Analyses
Sample Size
On the basis of an anticipated rate of ''satisfactory healing'' (grade 3 or 4) of 80% in the bone marrow group and 50% in the steroid group 2, 3, 7, [9] [10] [11] 23, 24, 30 , with an alpha of 0.05 and a beta of 0.2 the required sample size was forty patients in each treatment group. The sample size was increased by 10% to allow for an anticipated 10% loss to follow-up.
Primary and Secondary Outcomes
The primary analysis comparing cyst healing between the two groups was performed with use of the chi-square test. To adjust for differences between the two groups at baseline, analysis was performed with multiple logistic regressions and odds ratios were used to estimate the difference between the treatment groups. Additional analyses were performed with use of twoway or multiway tables, t tests, or analysis of variance, as appropriate. Continuous data were described by means, medians, and standard deviations and categorical data, by proportions. Where appropriate, 95% confidence intervals were calculated.
Statistical analyses were performed on an intention-totreat basis so that patients were analyzed according to the Flow of participants through the trial. treatment group to which they had been randomized. Patients whose parents refused to allow them to be randomized but permitted us to follow them to assess the outcome (nonrandomized patients) were compared with randomized patients in terms of subsequent fractures and two-year rates of healing. The few children who had been admitted to the trial and later found to have an aneurysmal bone cyst on the basis of biopsy and pathological findings, and hence were ineligible, were dropped from the analyses. Figure 1 . There were 137 eligible patients; the parents of thirty-five of them refused treatment randomization but allowed us to follow their child to assess the outcome, and the parents of twelve refused to allow us to follow their child to assess the outcome. Thus, the consent rate was 66% (ninety of 137). All families who refused treatment randomization wanted to choose the treatment (either steroid or bone marrow injection) themselves. Of the forty-five patients assigned to receive steroid injection(s), one did not have an injection as the cyst healed prior to treatment and five did not complete the course of the intervention (three injections) as the surgeon discontinued the protocol because of cyst progression. All of the forty-five patients assigned to receive bone marrow injection(s) received the assigned treatment, but eight of them did not complete the course of intervention (three injections) as the surgeon discontinued the protocol because of cyst progression. Seventy-seven of the ninety patients enrolled in the trial (thirty-eight [84%] of the forty-five in the steroid injection group and thirty-nine [87%] of the forty-five in the bone marrow injection group) were included in the final analysis. Of the thirteen patients not included in the final analysis, eight were lost to follow-up and five did not have two-year radiographs.
Results
Recruitment and Participant Flow
Baseline Data
As detailed in Table I , the two treatment groups were comparable at baseline except with regard to body weight (p = 0.03) and the location of the cyst within the bone (p = 0.02). The randomized and nonrandomized patients (Table I) 
Two-Year Outcomes
The difference in the two-year rates of healing between the treatment groups was 19% (odds ratio, 4.9; 95% confidence interval, 1.4 to 16.8) (Table II) . Forty-two percent (sixteen) of *The effect size is given as the odds ratio for the categorical data and as the difference in proportions for the continuous data. †The values in the treatment-group columns are given as the number of patients with the percentage in parentheses. ‡The values in the treatment-group columns are given as the mean and standard deviation. §The data were missing for some patients.
the thirty-eight cysts treated with the steroid healed (grade 3 or 4), and 23% (nine) of the thirty-nine in the bone marrow group healed. Adjustment for baseline differences in body weight and the location of the cyst within the bone with use of binary logistic regression indicated that steroid injection was significantly better than bone marrow injection for bringing about healing of bone cysts (p = 0.01). A secondary analysis performed according to the treatment that was actually received provided similar results (p = 0.09). There was no difference between the treatment groups at two years with regard to function (average difference in ASK scores, 0.1 point; 95% confidence interval, 25.2 to 5.3; *The values in the healing-group columns are given as the mean and standard deviation. †The values in the healing-group columns are given as the number of patients with the percentage in parentheses. ‡A significant difference. Other secondary outcomes (cyst activity, area, and loculation; number of injections; subsequent fractures; and complications) also did not differ between the treatment groups (p > 0.09) (Table II) . A fracture occurred in eleven of the patients in the steroid group and nine in the bone marrow group, and an infection developed in no patient in the steroid group and in two in the bone marrow group. The rate of adverse events within the two-year study period did not differ between the treatment groups (p = 0.36). After adjustment for cyst area, the risk of fracture was lower in the methylprednisolone group, but the difference was not significant (p = 0.42).
Randomized and Nonrandomized Patients
Children whose parents refused to let them enter the trial but allowed us to follow them to assess the outcome (nonrandomized patients) were compared with the randomized patients in terms of the rates of healing and subsequent fracture at two years. There were no significant differences in these factors (rate of healing, p = 0.6; rate of subsequent fracture, p = 0.5) between the randomized and nonrandomized patients (with the analysis unadjusted for differences in baseline variables between the groups).
Associations with Healing and Subsequent Fracture
Both subsequent fracture (p = 0.04) and cyst area (p = 0.03) were significantly associated with cyst healing at two years (Table III) . The mean baseline areas of the healed and nonhealed cysts were 53.8 and 94.6 cm 3 , respectively (p = 0.03). As shown in Table IV , there were no significant associations between fractures and cyst activity, cyst area, loculation, location in the upper or lower extremity, or location within the bone. Treatment strategies for simple bone cysts include curettage and bone-grafting, intralesional injections, damage to the cyst wall and lining, decompression of the cyst, structural stabilization, or some combination of these methods. Substances that have been injected into cysts include methylprednisolone acetate 8 , bone marrow 9 , calcium sulphate pellets 5 , demineralized bone matrix 6 , and calcium-phosphate bone cement (Norian, Cupertino, California) 31 . Methods for damaging the cyst lining include scraping with needles or direct curettage. Decompression of the cyst can be performed with Kirschner wires 22 or cannulated screws 32 . Flexible intramedullary nails provide structural stability but also disrupt the cyst lining and may decompress the cyst 33 . Few comparative studies, however, have been done to directly evaluate treatment, and consequently treatment varies widely.
Injection of methylprednisolone acetate was the traditional form of treatment for simple bone cysts for many years 7, 8 . An early study of bone marrow injection demonstrated a 100% rate of healing after one injection 9 . Although subsequent studies showed lower rates 4, 10, 11, 30, 34, 35 , bone marrow became the preferred substance for intralesional injection at many centers. The results of the present blinded, multicenter, randomized trial showed injection of either bone marrow or methylprednisolone acetate to have low rates of success, but methylprednisolone acetate provided superior rates. This study demonstrates the value of prospective comparisons with blinded evaluation of treatment outcomes. In contrast, case series often provide inaccurate or overly optimistic estimates of treatment effectiveness 36 . In this study, the rates of full or partial healing following both forms of treatment were lower than those reported in previous studies 3, [7] [8] [9] [10] [11] . This difference can be attributed to several factors. First, blinded evaluation by radiologists who have no vested interest in the outcome provides a very objective measure of cyst healing. All too often, surgeons and parents want to interpret posttreatment radiographs, made with various techniques, as indicating cyst healing. Second, patients were followed for two years in our trial. Many cysts that appear to be healing at one year after injection look no different than they did before treatment when they are evaluated two years after the injection. Third, in the initial reports by Lokiec et al. 4, 9 , treatment included the combination of scraping the cyst, opening the medullary canal, and bone marrow injections. Although scraping the cyst was part of the trial protocol in our study, the completeness of this step by the participating surgeons is unknown. Fourth, patients in this study received only three injections. Although Hashemi-Nejad and Cole 3 found that more than three injections of steroid did not improve healing, it is possible that more injections may have resulted in higher healing rates in both groups.
An important issue for families of children with a simple bone cyst is the risk of refracture. None of the factors evaluated in this study were associated with fracture (Table IV) . Thus, the parameters that we evaluated on plain radiographs did not provide significant prognostic information for families or surgeons. Quantitative computed tomography may be a more accurate modality for predicting fracture and evaluating healing in future studies 37 . The cyst area and fracture were the only variables found to be related to healing.
The main limitation of this study was that we evaluated only two forms of treatment, and we do not know how either of these treatments would fare against no treatment. This was the first multicenter trial of the Pediatric Orthopaedic Society of North America Clinical Trials Network. It showed that multicenter trials can provide useful and practical answers to some clinical questions. Authors of future studies will need to evaluate other treatments for simple bone cysts. A second potential limitation of this study was that Cole's modification of the Neer grading system 3 offers a liberal definition of healing (grade 3 or 4). However, using grade 4 only as the radiographic outcome of treatment would have resulted in even lower rates of healing in both groups. A third limitation is that the study was not sufficiently powered to evaluate the fracture risk in the two treatment groups. Finally, concentrated bone marrow may have greater potential for achieving cyst healing than the unconcentrated bone marrow used in this study 38 .
In conclusion, intralesional injections of methylprednisolone acetate are superior to injections of bone marrow to achieve cyst healing. Future trials are needed to compare other treatments for simple bone cysts in children and to develop new measures of cyst healing. n
